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[57] ABSTRACT 

In a multiple site communication system, a method for 
determining when to hand off a communication that is 
occurring on one communication resource to another com- 
munication resource may be accomplished in the following 
manner. Once a communication unit is allocated a commu- 
nication resource, it begins to monitor signal usabilities of 
the allocated communication resource and a predetennined 
set of alternate communication resources. A broadcast unit 
associated with the allocated communication resource also 
monitors the signal usability of the allocated communication 
resource. When the signal usability of the allocated com- 
munication resource is determined to be unfavorable by the 
communication unit or the broadcast unit, one of the alter- 
nate communication resources is selected based on calcu- 
lated signal usability, such that the communication unit can 
continue the communication. 

9 Claims, 4 Drawing Sheets 
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METHOD FOR DETERMINING 
COMMUNCIATION RESOURCE HANDOFFS 

FIELD OF THE INVENTION 

5 

This invention relates generally to radio communication 
systems and, in particular, to a radio communication system 
with geographic reuse of communication resources. 

BACKGROUND OF THE INVENTION 10 

Communication systems that geographically reuse com- 
munication resources are known. These systems allocate a 
predetermined set of communication resources in one geo- 
graphic area and reuse the same set of communication 
resources in one or more other geographic areas. This reuse 15 
technique improves communication capacity by rrdnimizing 
the number of communication resources necessary to pro- 
vide communication service in a large geographic area 
comprised of several smaller geographic areas. ^ 

As is also known, a communication resource is defined by 
the multiplexing scheme utilized in the communication 
system. For example, with frequency division multiplexing 
(FDM), the communication resource may be a frequency 
carrier or pair of frequency carriers; whereas,with time ^ 
division multiplexing (TDM), the communication resource 
may be a time slot or pair of time slots in one or more time 
frames. Further, an assigned code pattern may provide the 
communication resource in a code division multiplexing 
(CDM) system. 30 

The most common communication system which geo- 
graphically reuses communication resources is a cellular 
system. In a cellular system, allocation of a communication 
resource begins when a communication unit requests com- 
munication service. Based on resource availability and sig- 35 
nal usability, a resource controller assigns the communica- 
tion resource to the communication unit. A communication, 
such as a conversation or a facsimile transmission, occurs on 
the communication resource between the communication 
unit and another communication unit or between the com- 40 
munication unit and a subscriber to a public service tele- 
phone network. The communication continues until comple- 
tion or an interruption in service occurs. In the event of a 
potential interruption in service, the communication may be 
reassigned, or handed off, to an alternate communication 45 
resource for continuation. The alternate communication 
resource is generally selected based on the same qualities 
used by the resource controller to allocate the original 
communication resource. Upon conclusion of the commu- 
nication, the resource controller retrieves the communica- 50 
tion resource; thus making the communication resource 
available for another communication. 

An important parameter in identifying an acceptable 
communication resource is signal usability. In a wireless 
communication system, the communication resources are 55 
typically radio frequency (RF) channels that occupy prede- 
termined bandwidths or time slots in predetermined time 
frames. When information signals are transmitted on the 
communication resources, undesired effects, such as fading 
and interference, alter the information signals during trans- 60 
mission. Thus, the information signals received by a receiver 
in the communication unit, or a broadcast unit, are corrupted 
by the undesired effects. By ascertaining an indication of the 
corruption on available communication resources, the least 
corrupted communication resource may be selected for the 65 
communication. This indication of corruption is known as 
signal usability. 
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Received signal strength indication (RSSI) and bit error 
rate (BER) are common methods of estimating signal usabil- 
ity. In an RSSI estimate, the receiver measures a summation 
of signal levels including the desired information signal, 
co-channel interference, and noise on the desired RF chan- 
nel. Although this technique accurately estimates the level of 
the received signal, it cannot distinguish between the desired 
information signal and signals due to co-channel interfer- 
ence. Thus, an acceptable RSSI measurement may not 
indicate acceptable signal usability due to a high level of 
co-channel interference. Alternatively, BER measurements 
provide accurate estimates of signal usability, but in geo- 
graphic areas where error rates are low, multiple measure- 
ments and excessive averaging times may be required to 
obtain the accurate estimates. Thus, measurement periods of 
ten to fifty seconds may be necessary to obtain accurate BER 
data. 

When the RSSI or BER indicates an unusable communi- 
cation resource, the communication is handed off from the 
unusable communication resource to another communica- 
tion resource. As is known, both the communication unit and 
the broadcast unit involved in the communication may 
monitor the usability of the active communication resource 
and initiate the handoff process upon degradation to it. 
However, the usability of the active communication resource 
is not monitored by both units simultaneously. After a 
handoff is requested, either the broadcast unit, the commu- 
nication unit, or both determine the alternate communication 
resource with which to reassign the communication. Gen- 
erally, the communication unit monitors the active 
resource's outbound link (from broadcast unit to communi- 
cation unit) and the broadcast unit monitors its inbound link 
(from communication unit to broadcast unit). Therefore, 
when the communication unit requests a handoff, the out- 
bound link has degraded signal usability and when the 
broadcast unit requests a handoff, the inbound link has 
degraded signal usability. 

Upon initiation of the handoff process, selection of a new 
communication resource on which to continue the commu- 
nication is typically approached in two ways. After a handoff 
is requested due to a degraded inbound link, scanning 
receivers in broadcast units associated with alternate com- 
munication resources measure corresponding inbound link 
RSSI or BER for the communication. The broadcast units 
report their measurements to the central controller which 
selects the communication resource with the best inbound 
link measurement. This approach ignores the usability of the 
selected resource's outbound link and utilizes unpreferred 
methods for determining signal usability. Similarly, after a 
handoff is requested due to a degraded outbound link, the 
communication unit obtains RSSI or BER measurements of 
alternate outbound links and the communication resource 
with the best outbound link measurement is selected. This 
approach ignores the usability of the selected resource's 
inbound link. Further, both approaches do not limit the 
number of alternate communication resources being consid- 
ered as handoff candidates, which can be quite large. Thus, 
additional handoff delays and service interruptions may 
result. 

Therefore, a need exists for a rapid, anticipatory method 
for determining when to hand off a communication from one 
communication resource to another based on signal usability 
of inbound and outbound links. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a communication system in accordance 
with the present invention. 
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FIG. 2 illustrates a flow diagram of steps executed by a 
communication unit in accordance with the present inven- 
tion. 

FIG. 3 illustrates a flow diagram of steps executed by a 
broadcast unit associated with a first communication 
resource in accordance with the present invention. 

FIG. 4 illustrates a flow diagram of steps executed by a 
broadcast unit associated with an alternate communication 
resource in accordance with the present invention. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Generally, the present invention provides a rapid, accu- 
rate, anticipatory method for handing off a communication 
from a first communication resource to a second communi- 
cation resource. This is accomplished by anticipating the 
potential need to handoff the communication and monitoring 
the usability of the communication resource in an outbound 
direction (from broadcast unit to communication unit) and 
an inbound direction (from communication unit to broadcast 
unit). When the communication unit is initially assigned to 
the first communication resource, it receives information to 
facilitate monitoring of alternate communication resources 
that are handoff candidates. The communication unit saves 
this alternate communication resource information and peri- 
odically monitors the outbound signal usability of the 
assigned first communication resource and all alternate 
communication resources. Similarly, inbound signal usabil- 
ity of the assigned first communication resource is also 
measured by a broadcast unit associated with the first 
communication resource. Thus, if either the signal usability 
of the inbound or outbound direction of the first communi- 
cation resource becomes unfavorable, the communication is 
handed off to the second communication resource. The 
second communication resource is selected based on the 
alternate communication resource information and interfer- 
ence levels of inbound and outbound directions. 

The present invention can be more fully described with 
reference to FIGS. 1-4, FIG. 1 illustrates a multiple site 
communication system 100 that includes a central controller 
101, a plurality of sites 102-106, a plurality of broadcast 
units 107-112, and a plurality of communication units 
113-117. Each of the communication units 113-117 includes 
memory 118 and a processing unit 119, such as a micropro- 
cessor. The plurality of sites 102-106, or cells, are depicted 
with circular geometries, but they may have almost any 
geometry and are commonly configured in hexagonal pat- 
terns. The plurality of broadcast units 107-112 typically 
comprises fixed site transceivers, or base stations, and may 
include multiple transceivers as shown in one broadcast unit 
107. The plurality of communication units 113-117 may 
include mobile two-way radios, portable two-way radios, or 
any version of mobile or portable radiotelephones. The 
central controller 101 includes digital switching circuitry 
and controls the plurality of broadcast units 107-112 by 
controlling the assignment of communication resources and 
access to telephone switching networks. 

The general operation of the multiple site communication 
system 100 may be most easily understood by way of an 
example. A communication unit 113 desiring communica- 
tion service requests a communication resource from the 
central controller 101 via a broadcast unit 107. Upon receipt 
of the request, the central controller 101 assigns the com- 
munication unit 113 a communication resource based on 
communication resource availability and signal usability at 
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the broadcast unit 107. The signal usability at the broadcast 
unit 107 may be determined using methods described in U.S. 
Pat. No. 5,406,588, entided "Method and Apparatus for 
Mitigating Distortion Effects in the Determination of Signal 
Usability", issued Apr. 11, 1995 and U.S. patent application 
Sen No. 08/069,927, entitled "A Method and Apparatus for 
Determining Signal Usability" filed May 28 1993, both 
assigned to Motorola, Inc. The central controller 101 assigns 
the communication unit 113 a communication resource 
associated with the broadcast unit 107 having an acceptable 
signal usability. 

Upon allocation of the communication resource and 
receipt of a list of alternate communication resources that 
are potential handoff candidates, the communication uniL 
113 communicates with another communication unit, a 
central dispatcher, or a subscriber to a public telephone 
network. In the case where the communication unit 113 
communicates with another communication unit or a dis- 
patcher, the associated broadcast unit 107 functions as a 
repeater; whereas, when the communication unit communi- 
cates with a telephone subscriber, the associated broadcast 
unit 107 receives the communication and forwards it to the 
central controller 101 which subsequently accesses the tele- 
phone network. 

During the communication interval, the communication 
unit 113 typically moves and utilizes its processing unit 119 
to monitor the outbound link signal usabilities of the 
assigned communication resource and all potential handoff 
candidates. The communication unit 113 stores the signal 
usability measurements of the handoff candidates in an 
ordered list in its memory 118 for future use. Additionally, 
the associated broadcast unit 107 monitors the inbound link 
signal usability of the assigned communication resource and 
the other broadcast units 108-112 monitor interference 
levels of their unassigned communication resources. 

The chosen path may result in degradation to the signal 
usability of the assigned communication resource in either 
the talkin (communication unit 113 to associated broadcast 
unit 107) or talkout (associated broadcast unit 107 to com- 
munication unit 113) directions, thus necessitating a handoff 
of the communication from the assigned communication 
resource to another communication resource. When the 
signal usability becomes unfavorable as detected by cither 
the communication unit 113 or the associated broadcast unit 
107, the associated broadcast unit 107 issues a request to the 
central controller 101 to reassign, or hand off, the commu- 
nication to another communication resource. A discussion of 
unfavorable signal usability is provided below. 

The handoff procedure is accomplished in the following 
manner. The communication unit 113 transmits its list of 
handoff candidates and their corresponding talkout signal 
strengths to the associated broadcast unit 107, The associ- 
ated broadcast unit 107 forwards the list of handoff candi- 
dates, their corresponding talkout signal strengths, and a 
predetermined signal usability threshold to the central con- 
troller 101. The central controller 101 transmits the appro- 
priate talkout signal strength and the predetermined signal 
usability threshold to the broadcast unit associated with the 
first alternate communication resource on the list. This 
broadcast unit utilizes reciprocity to determine the projected 
talkin signal strength from the talkout signal strength 
received from the central controller 101. Upon obtaining the 
projected talkin signal strength, this broadcast unit computes 
an acceptable interference level based on the predetermined 
signal usability threshold and the projected talkin signal 
strength and determines whether its interference level is 
favorable with respect to the acceptable interference level. 
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When its interference level is favorable, the broadcast unit 
informs the communication unit 113, via the central con- 
troller 101 and the associated broadcast unit 107, to reassign 
the communication to its alternate communication resource. 
When its interference level is unfavorable, the broadcast unit 5 
informs the central controller 101 of its condition and the 
central controller 101 transmits the appropriate talkout sig- 
nal strength and the predeterrnined signal usability threshold 
to the broadcast unit associated with the second alternate 
communication resource on the list The process repeats 
until all prospective handoff candidates are examined, the 
signal usability of the unfavorable assigned communication 
resource link improves, or the communication is dropped. 

In this example, when the communication unit 113 exits 
its initial site 102 and enters an adjacent site 103, the central 15 
controller 101 may reassign the communication to a com- 
munication resource associated with either of the two broad- 
cast units 108 and 109 depending on which communication 
resource provides the most signal usability improvement 
with respect to the signal usability of the assigned commu- 2Q 
nication resource's unfavorable link without significantly 
degrading the signal usability of the assigned communica- 
tion resource's favorable link (that is, the signal usability of 
the communication resource's favorable link need only 
remain above a minimum threshold). Upon completion of 25 
the communication, the communication unit 113 relin- 
quishes its current communication resource and the broad- 
cast unit associated with the current communication 
resource notifies the central controller 101 of the discon- 
nection. 30 

FIG. 2 illustrates a logic flow diagram of steps that a 
communication unit may execute to implement the present 
invention. Entering the flow diagram at the START block, 
logic flow proceeds to block 200 where a communication is 
established on a first communication resource. The commu- 35 
nication unit requests communication service and a central 
controller assigns the communication to the first communi- 
cation resource via an associated broadcast unit. The first 
communication resource provides the transmit and receive 
paths over which the radio communication occurs. Each 40 
path of the first communication resource may be a radio 
frequency (RF) channel in a frequency division multiple 
access (FDMA) system or a time slot in a time frame of a 
time division multiple access (TDMA) system. The logic 
flow continues to block 201 where the communication unit 45 
receives and stores alternate communication resource infor- 
mation. The alternate communication resource information 
typically includes a list of alternate communication 
resources. The alternate communication resources are gen- 
erally located at sites adjacent to that of the first communi- 50 
cation resource. However, the alternate communication 
resources may also be different frequencies or time slots 
colocated at the same site as the first communication 
resource. The alternate communication resource information 
is generated by the central controller and identifies the 55 
alternate communication resources that the communication 
unit monitors. 

Next, the logic flow advances to block 202 where the 
communication unit performs a first determination of the 
alternate communication resources' signal usabilities. The 60 
signal usability of each alternate communication resource is 
obtained by measuring a signal quality metric of each 
resource's talkout link. Examples of known signal quality 
metrics include total received power or received signal 
strength indication (RSSI), bit or word error rate (applicable 65 
to digital communication systems), and carder to interfer- 
ence plus noise ratio (C/(I+N)). The latter is the preferred 
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metric; however, until methods provided in co-pending 
United States Patent applications, entitled "A Method And 
Apparatus For Determining Signal Usability" and "A 
Method And Apparatus For Mitigating Distortion Effects In 
The Determination Of Signal Usability", assigned to 
Motorola Inc., having the filing date of May 28, 1993, and 
referenced by applicant's docket numbers CM01662H and 
CM00779G respectively, it was not practically realized. 
With reference to the logarithmic expression of the preferred 
metric, acceptable signal usability is generally in the 15 dB 
to 20 dB range depending on communication system con- 
figuration. 

The alternate communication resource signal usability 
determinations are most conveniently performed on TDMA 
systems. In such systems, the communication unit may 
measure the signal quality metric of the first communication 
resource's talkout link once every frame. During one or 
more idle time slots in a frame, the communication unit 
measures the talkout link signal quality metric for one or 
more of the alternate communication resources. Thus, in a 
limited number of TDMA frames, the communication unit 
completes talkout link signal quality metric measurements 
for all alternate communication resources. Because signal 
usability can change rapidly (fifteen second decorrelation 
times are typical for a land mobile radio environment), the 
determination of signal usabilities of both the first commu- 
nication resource and the alternate communication resources 
should be expeditiously completed and continuously 
repeated by the communication unit. The communication 
unit maintains a list of all the alternate communication 
resources with respect to their signal usabilities. Therefore, 
should the need for handoff arise, a prioritized list of handoff 
candidates already exists for the talkout direction. 

Continuing down the flow diagram, the logic flow pro- 
ceeds along two parallel paths to decision block 203 and 
block 205. At decision block 203, the communication unit 
determines whether the first communication resource's sig- 
nal usability is favorable or unfavorable. The term unfavor- 
able pertains to a degradation of the signal quality metric 
below a predetermined threshold or, more generally, a 
degradation of the signal quality metric below a predeter- 
mined threshold for a predetermined continuous period of 
time. Alternatively, the term favorable pertains to the con- 
dition when the signal quality metric remains at or above the 
predeterrnined threshold. For example, the first communi- 
cation resource's signal usability may be determined to be 
unfavorable when it momentarily drops below a C/(I+N) 
value of 20 dB or when it drops below a C/(I+N) value of 
17 dB for five seconds. The predetermined threshold may be 
set at any level, such as a level where the signal is unusable 
or the signal is acceptable but degraded. Further, the signal 
usability of the first communication resource may be deter- 
mined to be unfavorable when the signal usability of an 
alternate communication resource is farther above the pre- 
determined threshold than is the signal usability of the first 
communication resource. 

When the signal usability of the first communication 
resource is determined to be favorable by the communica- 
tion unit, YES branch is taken and the communication unit 
receives an indication of the first communication resource's 
unfavorably from the associated broadcast unit 204. The 
indication is transmitted from the associated broadcast unit 
to the communication unit and indicates the signal condition 
of the first communication resource's talkin link. The indi- 
cation may include talkin link signal usability or a measure 
as to how far above or below the predetermined threshold 
the talkin link signal usability is. Otherwise, NO branch is 
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taken to block 209 where the communication unit selects a 
second communication resource based on the signal usabili- 
ties of the alternate communication resources. 

At block 205, the communication unit separates the 
alternate communication resources in its memory into first 5 
and second groups. The group separation is performed to 
minimize the amount of time required to monitor all the 
alternate communication resources. As the number of alter- 
native communication resources increases, the time required 
to measure them once will also increase. Therefore, by 10 
separating the alternative communication resources into two 
groups and monitoring the two groups at different rates, the 
amount of time required to measure the signal usability of 
each alternate communication resource can be minimized. 
The first group, or foreground group, comprises the group of 
alternate communication resources with the most favorable 
signal usabilities. The second group, or background group, 
comprises the remaining alternate communication 
resources. 

When the communication unit is initially assigned to the 2Q 
first communication resource, it places all alternate commu- 
nication resources in the background group. After an initial 
monitoring cycle, the talkout link signal quality metric 
values of the alternate communication resources are ranked 
in order and those having the highest signal usability values 25 
are placed in the foreground group. The number of members 
in the foreground group is typically limited to a maximum 
number dependant on the maximum monitoring time for 
each subsequent cycle. The remaining alternate communi- 
cation resources are placed in the background, or second, 3Q 
group. 

After group separation is achieved, the logic flow 
advances from block 205 to block 206 where the commu- 
nication unit determines the usability of each alternate 
communication resource in the first, or foreground, group at 35 
a first predetermined rate. In practice, many of the alternate 
communication resources may be unusable and need not be 
measured as often as those alternate communication 
resources that are more prominent handoff candidates. Thus, 
each subsequent cycle used for monitoring all the alternate 40 
communication resources may include measuring the talk- 
out link signal usability of each foreground member and one 
background member in a predetermined cyclical time 
sequence. This type of monitoring cycle monitors the more 
important foreground members at a faster rate than it moni- 45 
tors the less important background members. For example, 
in a TDM A communication system that utilizes a three slot 
time frame, the first predetermined rate may include mea- 
suring the signal usability of two foreground members in 
portions of two of the time slots of each frame. Thus, two 50 
foreground members are monitored each frame. Next, the 
logic flow continues to block 207 where the communication 
unit determines the usability of each alternate communica- 
tion resource in the second, or background, group at a 
second predetermined rate. Since the members of the back- 55 
ground group are less favorable handoff candidates, the rate 
at which they are monitored is less than the rate at which the 
foreground group members are monitored. In the previous 
example, the second predetermined rate may include mea- 
suring one background member in a portion of one time slot ^ 
in each frame or, equivalently, monitoring one background 
member per time frame. Therefore, in this example, the first 
predetermined rate is twice the second predetermined rate. 

After measuring the signal usabilities of the alternate 
communication resources in the second group, the logic flow 65 
proceeds to decision block 208 where the communication 
unit determines whether to change the members in the first 



and second groups, At pre-established intervals, the status of 
each group's members signal usability is reevaluated and a 
regrouping of the members in each group may be performed 
depending on the result of the status check. For example, 
when a foreground member's signal usability degrades 
below that of the highest ranked background member, the 
highest ranked background member may enter the fore- 
ground group and the foreground member exhibiting the less 
favorable signal usability may enter the background group. 
The status update may occur every one to five seconds. 

When a regrouping of the members in the foreground and 
background groups is determined to be necessary, the com- 
munication unit updates the members of each group and the 
logic flow continues by taking the YES branch to block 205. 
Otherwise, the communication unit retains the existing 
members in each group and the logic flow continues by 
taking the NO branch to block 205. Therefore, a loop is 
formed to provide periodic regrouping of foreground and 
background members during the communication. Thus, the 
signal usabilities of the first communication resource and all 
alternate communication resources are periodically moni- 
tored such that, in the event a reassignment of the commu- 
nication is necessary, the best available handoff candidate 
onto which the communication should be reassigned may be 
chosen with minimal time delay. 

As briefly mentioned above, the NO branch from decision 
block 203 and the YES branch from decision block 204 may 
be taken to block 209 where the communication unit iden- 
tifies a second communication resource based on the signal 
usabilities of the alternate communication resources. When 
a handoff is necessary, the communication unit transmits a 
list of foreground group members, corresponding represen- 
tations of their outbound link signal strengths, and its 
effective radiated power (transmit power plus antenna gain) 
to the central controller via the associated broadcast unit. 
The list may include all foreground members, some fore- 
ground members, or no foreground members depending on 
whether any members in the foreground group exhibit signal 
usabilities which will not degrade the talkout link signal 
usability of the communication when the communication is 
reassigned to that alternate communication resource. The 
second communication resource must be one of the alternate 
communication resources in the list of foreground group 
members transmitted by the communication unit. Thus, 
when there are no foreground group members in the com- 
munication unit's transmitted list, handoff of the communi- 
cation is delayed until at least one foreground group member 
enters the list or the communication is dropped. 

After the communication unit transmits its list of usable 
alternate communication resources to the central controller, 
the logic flow proceeds to decision block 210 where the 
communication unit receives an indication whether the 
second communication resource has an acceptable interfer- 
ence level. Upon receiving the list of alternate communica- 
tion resources and outbound link signal strength represen- 
tations from the communication unit, the central controller 
forwards the identity of the first alternate communication 
resource in the list, its corresponding outbound link signal 
strength representation, and a predetermined inbound link 
signal usability threshold to the broadcast unit associated 
with the first alternate communication resource. When the 
first alternate communication resource is available and its 
interference level provides an inbound link signal usability 
equivalent to, or better than, the predetermined threshold, 
the first alternate communication resource becomes the 
second communication resource and its associated broadcast 
unit sends an indication of this acceptable condition to the 
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communication unit via the central controller and the broad- 
cast unit associated with the first communication resource. 
When the first alternate communication resource is unavail- 
able or available with an unacceptable interference level, the 
broadcast unit associated with the first alternate communi- 5 
cation resource notifies the communication unit, via the 
central controller, of this unacceptable condition and the 
central controller proceeds to interrogate the next alternate 
communication resource on its received list. The selection 
process continues until an acceptable second communica- 1Q 
tion resource is obtained or the entire list of foreground 
members is exhausted. If no acceptable second communi- 
cation resource is identified, the selection process continues 
on updated, or regrouped, lists periodically submitted by the 
communication unit until an acceptable second communi- 
cation resource is found, the talkout link signal usability of 15 
the first communication resource becomes favorable, the 
communication drops, or the need for handoff is otherwise 
retracted. 

When the communication unit receives an indication that 2Q 
the second communication resource's interference level is 
acceptable, the logic flow continues by taking the YES 
branch to block 212 where the communication unit contin- 
ues the communication on the selected second communica- 
tion resource. When the broadcast unit associated with the 25 
second communication resource responds to the central 
controller's inquiry with an acceptable indication, the cen- 
tral controller first informs the broadcast unit associated with 
the second communication resource to allocate the second 
communication resource for the handoff and secondly 30 
directs the broadcast unit associated with the first commu- 
nication resource to notify the communication unit of the 
impending handoff and deassign itself. Upon receiving the 
handoff notification from the first communication resource's 
broadcast unit, the communication unit switches from the 35 
first communication resource to the second communication 
resource and continues the communication on the second 
communication resource with its associated broadcast unit. 

When the communication unit receives an indication that 
the second communication resource's interference level is 40 
unacceptable, the logic flow continues by taking the NO 
branch back to block 203 to form a loop in which the 
communication unit continues to monitor the favorability of 
the first communication resource while the handoff is 
requested, such that, in the event the first communication 45 
resource becomes favorable, the handoff request may be 
cancelled. 

FIG. 3 illustrates a logic flow diagram that a broadcast 
unit associated with the first communication resource may 
execute to implement the present invention. Entering the 50 
flow diagram at the START block, logic flow proceeds to 
block 300 where a communication is established by a 
communication unit on the first communication resource 
supported by the broadcast unit. The establishment of the 
communication on the first communication resource is sub- 55 
stantially identical to the operation performed by block 200 
in FIG. 2. The logic flow continues to block 301 where the 
broadcast unit determines the signal usability of the first 
communication resource. As similarly discussed with refer- 
ence to block 202 of FIG. 2, the signal usability is obtained 60 
by measuring a signal quality metric of the first communi- 
cation resource's talkin link. The preferred metric, as pre- 
viously noted, is the carrier to interference plus noise ratio 
(C/(I+N)) and is most easily obtained in the TDMA com- 
munication system described with reference to block 202 of 65 
FIG. 2. However, until methods provided in co-pending 
United States Patent applications, entitled "A Method And 
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Apparatus For Determining Signal Usability" and "A 
Method And Apparatus For Mitigating Distortion Effects In 
The Determination Of Signal Usability", assigned to 
Motorola Inc., having the filing date of May 28, 1993, and 
referenced by applicant's docket numbers CM01662H and 
CM00779G respectively, the preferred metric was not prac- 
tically realized. In the TDMA system, the rate at which the 
signal usability of the first communication resource's talkin 
link is monitored by the broadcast unit is similar to the rate 
at which the signal usability of the first communication 
resource's talkout link is monitored by the communication 
unit. That is, the broadcast unit may measure the signal 
quality metric of the first communication resource's talkin 
link once each frame during the time slot when it is actively 
involved in the communication. 

After the signal usability of the first communication 
resource's talkin link is determined, the logic flow proceeds 
to decision block 303 where the broadcast unit determines 
whether the signal usability of the first communication 
resource's talkin link is unfavorable. The signal usability of 
the first communication resource's talkin link is determined 
by measuring a signal quality metric of the talkin link. As 
similarly discussed with reference to the signal usability 
determination of the first communication resource's talkout 
link in decision block 203 of FIG. 2, the signal usability of 
the talkin link is unfavorable when the measured signal 
quality metric lies below a predetermined threshold, either 
momentarily or for a predetermined period of time. 

When the signal usability of the first communication 
resource is determined to be favorable by the broadcast unit, 
the NO branch is taken to decision block 304 where the 
broadcast unit determines whether it received a handoff 
request from the communication unit. When a handoff 
request is received, the YES branch is taken to block 307 
where the broadcast unit receives a list of alternate commu- 
nication resources from the communication unit's fore- 
ground, or first, group. Otherwise, the NO branch is taken 
back to block 301 suctuthat a loop is formed in which the 
broadcast unit continuously monitors the usability of the first 
communication resource's talkin link. 

When the signal usability of the first communication 
resource is determined to be unfavorable by the broadcast 
unit, the YES branch is taken from decision block 303 to 
block 306 where the broadcast unit sends the communica- 
tion unit an indication of the unfavorable condition. The 
indication, which may be a codeword or set of bits in a 
symbol stream, notifies the communication unit of the 
unfavorable signal usability of the talkin link and requests 
that the communication unit transmit its prioritized list of 
foreground members to the broadcast unit. As previously 
discussed with reference to block 205 of FIG. 2, the fore- 
ground members are the alternate communication resources 
in the first of the two groups determined by the communi- 
cation unit. The foreground members provide the most 
favorable signal usabilities of all the alternate communica- 
tion resources. 

Next, the logic flow progresses to block 307 where the 
broadcast unit receives the prioritized list of alternate com- 
munication resources in the first, or foreground, group from 
the communication unit. Since the signal usability of the first 
communication resource's talkin link is unfavorable, the 
prioritized list transmitted by the communication unit may 
not necessarily include all foreground group members; 
instead, it may only include members that have signal 
quality metric values equal to or in excess of a predeter- 
mined signal quality metric value that is necessary for 
acceptable communications. For example, when the talkin 



5,471,670 



11 



12 



30 



link signal usability is unfavorable with respect to a C/(I+N) 
metric value of 20 dB, the list of foreground members sent 
by the communication unit will only include those members 
whose C/(I+N) metric values arc greater than or equal to 20 
dB. 5 

Upon receiving the prioritized list of alternate communi- 
cation resources from the communication unit, the logic 
flow proceeds to block 308 where the broadcast unit assists 
in determining the second communication resource on 
which to continue the communication. A memory portion of 10 
the broadcast unit contains stored knowledge of the prede- 
termined talkin C/(I+N) metric value that produces favor- 
able communication. When the broadcast unit receives the 
list from the communication unit, it forwards the list and the 
predetermined talkin metric value to the central controller. 
The central controller inquires whether the first member of 
the foreground group is available and whether the broadcast 
unit associated with that first member has an interference 
level which allows it to receive the communication unit's 
talkin power while providing a talkin signal usability equal 2Q 
to or in excess of a predetermined handoff requirement. For 
talkin initiated handoffs, this requirement need not represent 
the condition for which signal usability is minimally accept- 
able. When the broadcast unit receives a positive response, 
via the central controller, from the broadcast unit associated 25 
with the first member of the foreground group, the logic flow 
continues to block 305 where the broadcast unit directs the 
communication unit to reassign the communication to the 
selected alternate communication resource and deassigns 
itself. The handoff of block 305 is similar to the discussion 
provided with reference to block 212 of FIG. 2, thus no 
further discussion will be presented. The communication 
unit continues the communication on the selected second 
communication resource with its associated broadcast unit 

FIG. 4 illustrates a logic flow diagram that a broadcast 35 
unit associated with an alternate communication resource 
may execute to implement the present invention. Assuming 
a communication is in progress on a first communication 
resource involving a communication unit and a broadcast 
unit associated with the first communication resource, the 40 
flow diagram is entered at the START block and logic flow 
proceeds to block 400 where the broadcast unit associated 
with the alternate communication resource determines inter- 
ference levels of all of its unassigned communication 
resources. This is accomplished by measuring the received 45 
talkin signal strengths on these communication resources. 
The received signals must be due to interference and noise 
since the communication resources are unassigned, i.e. 
absent of communications. 

Upon determining the interference levels, the logic flow 50 
advances to decision block 401 where the broadcast unit 
associated with the alternate communication resource deter- 
mines whether it received a representation of outbound, or 
talkout, signal strength for one of its assigned communica- 
tion resources from the communication unit, via the central 55 
controller. As previously discussed with reference to block 
209 of FIG. 2, when a handoff is requested by either the 
communication unit or the broadcast unit associated with the 
first communication resource, the communication unit trans- 
mits its prioritized list of handoff candidates, corresponding 60 
representations of their outbound signal strengths, and its 
effective radiated power to the broadcast unit associated 
with the first communication resource. The broadcast unit 
associated with the first communication resource includes a 
predetermined inbound, or talkin, signal usability threshold 65 
with the information received from the communication unit 
and forwards the composite information packet to the central 



controller. When the broadcast unit associated with the 
alternate communication resource receives a representation 
of outbound, or talkout, signal strength for one of its 
assigned communication resources from the central control- 
ler, YES branch is taken and the broadcast unit associated 
with the alternate communication resource calculates a 
projected, or theoretical, inbound signal strength based on 
the outbound signal strength representation 402. Otherwise 
NO branch is taken back to block 400 to facilitate continu- 
ous monitoring of the interference levels on the unassigned 
communication resources. 

To compute the projected inbound signal strength, the 
broadcast unit associated with the alternate communication 
resource utilizes reciprocity to determine path losses 
between the communication unit and itself. Upon obtaining 
path loss, outbound signal strength, and communication unit 
transmit power, the broadcast unit associated with the alter- 
nate communication resource calculates the projected 
inbound signal strength by simple addition using logarith- 
mic expressions of power. The projected inbound signal 
strength is the signal strength received by the broadcast unit 
associated with the alternate communication resource when 
the communication is handed off to its alternate communi- 
cation resource. 

Upon calculating the projected inbound signal strength, 
the broadcast unit associated with the alternate communi- 
cation resource calculates the acceptable interference level 
403. The acceptable interference level is the interference 
level which provides a favorable talkin signal usability for 
the selected alternate communication resource. The accept- 
able interference level is computed by subtracting the pre- 
determined inbound signal usability threshold from the 
projected inbound signal strength. For example, to maintain 
a favorable inbound signal usability of at least C/(I+N)=20 
dB when the projected inbound signal strength is -100 dBm, 
the acceptable interference level of the selected alternate 
communication resource (i.e. the I+N term) should remain 
below -120 dBm. 

Upon calculating the acceptable interference level, the 
logic flow progresses to decision block 404 where the 
broadcast unit associated with the alternate communication 
resource determines whether the interference level of its 
alternate communication resource is favorable. The broad- 
cast unit associated with the alternate communication 
resource compares the interference level determined in 
block 400 to the acceptable interference level. For the 
interference level to be favorable, it must be at or below the 
acceptable interference level. When the interference level is 
favorable, the broadcast unit associated with the alternate 
communication resource notifies the communication unit, 
via the central controller, of this condition and the alternate 
communication resource becomes the second communica- 
tion resource. Upon allocation of the second communication 
resource, YES branch is taken to block 405 where the central 
controller directs the communication unit, via the broadcast 
unit associated with the first communication resource, to 
reassign the communication to the second communication 
resource. The handoff of block 405 is similar to the handoff 
discussion provided with reference to block 212 of FIG. 2, 
thus no further discussion will be presented. 

When the interference level is unfavorable, NO branch is 
taken to block 406 where the broadcast unit associated with 
the alternate communication resource sends an indication of 
its unfavorability to the broadcast unit associated with the 
first communication resource via the central controller. The 
broadcast unit associated with the first communication 
resource subsequently informs the communication unit of 
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this condition and the central controller continues to inquire 
other alternate communication resources. 

The present invention provides a rapid, anticipatory 
method for determining when to handoff a communication 
from one communication resource to another. With the 5 
present invention, both the talkin and talkout link signal 
usabilities of the assigned communication resource are con- 
tinuously monitored using a preferred signal quality metric; 
thus, handoff of the communication may be initiated when 
either the talkout link signal usability, the talkin link signal io 
usability, or both become unfavorable with respect to a 
predetermined value of the signal quality metric. Further, the 
present invention provides a handoff procedure that selects 
an alternate communication resource which provides accept- 
able signal usability via periodic monitoring by the com- 15 
munication unit and broadcast units. Thus, the method of the 
present invention minimizes handoff delays and service 
interruptions typically encountered by handoff methods of 
the prior art. Still further, the present invention limits the 
number of alternate communication resources being consid- 20 
ered as handoff candidates by considering only a portion of 
the total number of alternate communication resources that 
are included in a communication unit's foreground group; 
thus reducing the cycle time needed to monitor the most 
prospective candidates and minimizing additional handoff 25 
delays associated with extensive monitoring cycles of prior 
art systems. 

We claim: 

1. In a communication system that includes a plurality of 
communication units, a plurality of sites, a limited number 30 
of communication resources, and a plurality of broadcast 
units, wherein the plurality of broadcast units are distributed 
throughout the plurality of sites and transceive the limited 
number of communication resources, a method for deter- 
mining when to handoff a communication that is occurring 35 
on a first communication resource to a second communica- 
tion resource, the method comprises the steps of: 

a) upon allocation of the first communication resource and 
receipt of alternate communication resource informa- 
tion generated at the site where the first communication 40 
resource reside, storing, by a communication unit 
involved in the communication, the alternate commu- 
nication resource information; 

b) determining, at a first predetermined rate, by the 
communication unit, the usability of the first commu- 45 
nication resource based on the communication received 
from an associated broadcast unit that is associated 
with the first communication resource; 

c) determining, at a second predetermined rate, by the 



associated broadcast unit, the usability of the first 



50 



communication resource based on the communication 
received from the communication unit; 

d) determining, at a third predetermined rate, by the 
communication unit, the usability of each alternate 55 
communication resource identified in the alternate 
communication resource information; 

e) storing, by the communication unit, an indication of the 
usability of each alternate communication resource to 
produce stored alternate communication resource 50 
usability information; 

f) when cither the communication unit or the associated 
broadcast unit determines that the usability of first 
communication resource is unfavorable, identifying, by 
the communication unit together with the associated 65 
broadcast unit, the second communication resource 
based on the second communication resource informa- 



tion and interference levels of inbound and outbound 
directions of the second communication resource; and 
g) when the second communication resource has an 
acceptable interference level, selecting, by the commu- 
nication unit, the second communication resource and 
continuing the communication on the second commu- 
nication resource. 

2. In the method of claim 1, step (d) further comprises, 
after a first determination of the usability of the alternate 
communication resources, identifying, by the communica- 
tion unit, a first group of the alternate communication 
resources and identifying, by the communication unit, a 
second group of the alternate communication resources, 
wherein the first group is more favorable than the second 
group. 

3. In the method of claim 2, step (d) further comprises: 
determining the usability of the alternate communication 
resources in the fourth group at a first predetermined rate, 
and determining the usability of the alternate communica- 
tion resources in the second group at a fifth predetermined 
rate, wherein the fourth predetermined rate is greater than 
the fifth predetermined rate. 

4. In the method of claim 1, step (f) further comprises 
determining whether the usability of the first communication 
resource is unfavorable based on whether the usability of the 
first communication resource is continuously below a pre- 
determined threshold for a predetermined interval. 

5. In a communication system that includes a plurality of 
communication units, a plurality of sites, a limited number 
of communication resources, and a plurality of broadcast 
units, wherein the plurality of broadcast units are distributed 
throughout the plurality of sites and transceive the limited 
number of communication resources, a method for deter- 
mining when to handoff a communication that is occurring 
on a first communication resource to a second communica- 
tion resource, the method comprises the steps of: 

a) upon allocation of the first communication resource and 
receipt of alternate communication resource informa- 
tion generated at the site where the first communication 
resource resides, storing, by a communication unit 
involved in the communication, the alternate commu- 
nication resource information: 

b) determining, at a first predetermined rate, by the 
communication unit, the usability of the first commu- 
nication resource based on the communication received 
from an associated broadcast unit that is associated 
with the first communication resource; 

c) determining, at a second predetermined rate, by the 
associated broadcast unit, the usability of the first 
communication resource based on the communication 
received from the communication unit; 

d) determining, at a third predetermined rate, by the 
communication unit, the usability of each alternate 
communication resource identified in the alternate 
communication resource information; 

e) storing, by the communication unit, an indication of the 
usability of each alternate communication resource to 
produce stored alternate communication resource 
usability information; 

f) when either the communication unit or the associated 
broadcast unit determines that the usability of first 
communication resource is unfavorable, identifying, by 
the communication unit together with the associated 
broadcast unit, the second communication resource 
based on the second communication resource informa- 
tion and interference levels of inbound and outbound 
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directions of the second communication resource; and 
g) when the second communication resource has an 
acceptable interference level, selecting, by the commu- 
nication unit, the second communication resource and 
continuing the communication on the second commu- 5 
nication resource, wherein the detection of the accept- 
able interference level of step (g) comprises: 
gl) determining, by each broadcast unit associated with 
an alternative communication resource of the alter- 
nate communication resources, an interference level 10 
of the alternate communication resource when the 
alternate communication resource is unassigned; 
g2) receiving, by a second broadcast unit that is asso- 
ciated with the second communication resource, a 
representation of outbound signal strength from the J5 
communication unit; 
g3) calculating, by the second broadcast unit, inbound 
signal strength based on the representation of out- 
bound signal strength; 
g4) calculating, by the second broadcast unit, the 2Q 
acceptable interference level based on the inbound 
signal strength and a predetermined threshold; and 
g5) determining, by the second broadcast unit, whether 
an interference level of the second communication 
resource is favorable with respect to the acceptable 25 
interference level. 
6. In a communication unit that is involved in a commu- 
nication, wherein the communication unit is included within 
a communication system, wherein the communication sys- 
tem includes a plurality of communication units, a plurality 3Q 
of sites, a limited number of communication resources, and 
a plurality of broadcast units, and wherein the plurality of 
broadcast units are distributed throughout the plurality of 
sites and transceive the limited number of communication 
resources, a method for at least partially determining when 35 
to handofj the communication that is occurring on a first 
communication resource to a second communication 
resource, the method comprises the steps of: 

a) upon allocation of the first communication resource and 
receipt of alternate communication resource informa- 40 
tion generated at the site where the first communication 
resource resides, storing the alternate communication 
resource information; 

b) determining, at a first predetermined rate, the usability 

of the first communication resource based on the com- 45 
munication received from an associated broadcast unit 
that is associated with the first communication 
resource; 

c) receiving, at a second predetermined rate, from the 
associated broadcast unit, an indication of the usability 50 
of the first communication resource to produce first 
communication resource usability information; 

d) determining, at a third predetermined rate, the usability 
of each alternate communication resource identified in 
the alternate communication resource information; 55 

e) storing an indication of the usability of each alternate 
communication resource to produce stored alternate 
communication resource usability information; 

f) when either the usability of the first communication go 
resource or the first communication resource usability 
information is unfavorable, identifying the second 
communication resource based on the second commu- 
nication resource information and interference levels of 
inbound and outbound directions of the second com- 55 
munication resource; and 

g) when the second communication resource has an 
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acceptable interference level, selecting the second com- 
munication resource and continuing the communica- 
tion on the second communication resource. 

7. In the method of claim 3, step (f) further comprises 
determining whether the usability of the first communication 
resource is unfavorable based on whether the usability of the 
first communication resource is continuously below a pre- 
determined threshold for a predetermined interval. 

8. In a communication unit that is involved in a commu- 
nication, wherein the communication unit is included within 
a communication system, wherein the communication sys- 
tem includes a plurality of communication units, a plurality 
of sites, a limited number of communication resources, and 
a plurality of broadcast units, and wherein the plurality of 
broadcast units are distributed throughout the plurality of 
sites and transceive the limited number of communication 
resources, a method for at least partially determining when 
to handoff the communication that is occurring on a first 
communication resource to a second communication 
resource, the method comprises the steps of; 

a) upon allocation of the first communication resource and 
receipt of alternate communication resource informa- 
tion generated at the site where the first communication 
resource resides, storing the alternate communication 
resource information: 

b) determining, at a first predetermined rate, the usability 
of the first communication resource based on the com- 
munication received from an associated broadcast unit 
that is associated with the first communication 
resource: 

c) receiving, at a second predetermined rate, from the 
associated broadcast unit, an indication of the usability 
of the first communication resource to produce first 
communication resource usability information; 

d) performing a first determination of the usability of each 
alternate communication resource identified in the 
alternate communication resource information, identi- 
fying a first group of the alternate communication 
resources and identifying a second group of the alter- 
nate communication resources based on the first deter- 
mination, wherein the first group is more favorable than 
the second group, determining the usability of the 
alternate communication resources in the first group at 
a third predetermined rate, and determining the usabil- 
ity of the alternate communication resources in the 
second group at a fourth predetermined rate, wherein 
the third predetermined rate is greater than the fourth 
predetermined rate; 

e) storing an indication of the usability of each alternate 
communication resource to produce stored alternate 
communication resource usability information; 

f) when either the usability of the first communication 
resource or the first communication resource usability 
information is unfavorable identifying the second com- 
munication resource based on the second communica- 
tion resource information and interference levels of 
inbound and outbound directions of the second com- 
munication resource; and 

g) when the second communication resource has an 
acceptable interference level, selecting- the second com- 
munication resource and continuing the communica- 
tion on the second communication resource. 

9. In a communication system that includes a plurality of 
communication units, a plurality of sites, a limited number 
of communication resources, and a plurality of broadcast 
units, wherein the plurality of broadcast units are distributed 
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throughout the plurality of sites and transceivc the limited 
number of communication resources, a method for a broad- 
cast unit to at least partially determine when to handoff a 
communication that is occurring on a first communication 
resource to a second communication resource, the method 5 
comprises the steps of: 

a) upon allocating the first communication resource, 
detennining usability of the first communication 
resource based on the communication received from a 
communication unit; 10 

b) receiving, from the communication unit, an indication 
of the usability of the first communication resource: 

c) when the broadcast unit determines that the usability of 
the first communication resource is unfavorable or 15 
when the indication of the usability of the first com- 
munication resource is unfavorable, reassigning the 
communication to a second communication resource 
when the second communication resource has an 
acceptable interference level, wherein the determina- 2Q 
tion of the. acceptable interference level of step (c) 
comprises: 

cl) receiving, by a broadcast unit associated with the 
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second communication resource, a representation of 
outbound signal strength from the communication 
unit; 

c2) calculating, by the broadcast unit associated with 
the second communication resource, inbound signal 
strength based on the representation of outbound 
signal strength; 

c3) calculating, by the broadcast unit associated with 
the second communication resource, the acceptable 
interference level based on the inbound signal 
strength and a pi^etermined threshold; 

c4) determining, by the broadcast unit associated with 
the second communication resource, whether an 
interference level of the second communication 
resource is favorable with respect to the acceptable 
interference level; and 

c5) when the interference level of the second commu- 
nication resource is favorable with respect to the 
acceptable interference level, allocating with the 
second communication resource to continue the 
communication. 

***** 
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